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KJIp ^K^?Sf^™ POLYURETHANE ELASTOMERS FROM MDI PREPOLYMERS WITH REDUCED CON- 

ixiiNi ur rKcb MD1 MONOMER 

(57) Abstract Polymtthane prepolymers having a reduced amount of unreacted monomeric diisocyanate. panicularly diphenyl- 

* SS0Cyanate ^ ' P 1 re f ared f m ™& ** Polymer reaction product in the present of a iLst one inert solvent 

^wt ,ng T * S ? W0W * al ,° f m ° n0meriC and to high performance cast polyurethane elastomers 

from the thus obtained prepolymers using diamine and/or diol chain extenders. 
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: HIGH PE]R*'0RiV1AN€E Po£YURETHANE 

ELASTOMEI?^ FROM MM PREPOLYMERS z 
WITH REDUCED CONTENT OF FREE MDI MONOMER 

5 BACKGROUND QF^PE: INVENTION ^ i 

1. Field of the Invention ^ r ^1 ^ 

. vr - ^ The present invention' relates to preparing castable u polyufetharie prepolymers 
, containing. reduced levels of imreacted diph&^ (MDI) 
10.. • . : monomer: ' In papticular^thiS inv^ritfoii tefetes tb'pfbducitig high performance MDI- 
■ r. ; .<;.•: b^ed cast polyuf ethane 61aslorfeer^ 
. * 1 the FDA approved trime^ylehe gfycdl d]^4mih^ systems provide ' 

hriproved industrial hygieine, 'easi& ^'tirig; Mti im^rGved riiebhanfcil pr dperties. 
:t - 2v , ; .-n»:Descriptidn 6rRelkt6^A^P :^*^ ^'-^ x V > : * ■ "i--^ . • 
15: . Industrial pol^ethfeVd^ on either MDI or 

iolnenediisocyknate (TDI) pre^Iymer^ 1 Pb^iKfharie 'prepolymers for elastomers 
' ai'enoimally madeby^r^cting 
monomers. The usel>f exG^ 

monomer, resulting ^^m^ ' ' ~ " 

20 It is well known that boffi 

monomers must be carefully aVoid£& r MifCh^ giveff to removal of 

' unreacted TDI from prepolymersr-#mdu TDI 
. . levels in prepolymers are^kriown srid disclb&H ii% f oif £)Mrple, : U;S;Pat6ht ftos. 
3,248,372; 3,384,624; and 4,06 1^62; ' : Con^^ withbdow 
25 0,1% residual monome^ar'e available. ' < ^ • ' : * ' : v : ' 

However, much less attention has bedn^giveri td removal of ixhreacted MDI 
.from prepolymers owing to the greater difficulty ; of remdving this higher boiling 
. monomer .from prepolymers. While- MDI Has a low vapor pressure, whidh limits its 
inhalation hazard,' its hazard for skm contact is increasingly recognized. Once on the 
30 * skin, MDI is very difficult to remove. See Wester, R. ei ai, Toxicol, §ci. 4S(7j:l-4 

(1 999) and Klinger, T., Controlling Dermal Exposure to Isocyanate: Maintaining. the 
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PMA 's Leadership in He$At\ ^ 5p^ ? ^paper presented at the Polyurethane 
Manufacturer '^^^^^^^j^^^^p^t^^ Unfortunately, 
commercial* Mrprepolymers for castabje elastomerVtypically contain at least 5% 
residual MDl^hon'orriet by- height: r^.j f .>l f - 

Among the various processes that have,been- developed iftattempts.-fo reduce 
the ^^rP^^^mm^^^s^^t leyejs in prepolymers are processes 
or.metho^that^se f^.li^Jjqfkejiap^^^ped.fihn evaporators, distillation 
techniques, ^.y^extr^ tj, s . Patent No.. ; 

, : . : 4 M.^ < ^te^&?m&F^temm& ofdiisecyanate (TDI>by distilling 
;-o : A™ 0 ! 5 ™^ F a &&W9^hJP$& K^unjiGonditiorfs. U.S. Patent No. 4,385,1 71 
v _ ri describes ; a method foyhe^pya^ from • 

prepolymers by codistilling the prepolyra? R re^0ri^duct»dtla.ia compound that 
: ^ a? ^^TO^5.ff9te*^?^ta^nt «£the djiaocyandte. U.S. Patent ,• 

:> di ^ c ?^;^ prepolymers by • 

solvents, with the f^^^^^mm^ Ming pointbelo^the boiling point of 

.%.#?£9f^J^ having a/boiling point above 

.:: th?,bojl^ng:po^t^f f t^ = -xri : 

; . 'T )nryi S 5< p r^^^i^M^^^]^%f«^ess for the removal of unreacted 
, tolue ^ e t dUs ? c y^ e m&ynm ta?«*3g*e prepolymer reaction product 
. ^ ou £ h a poharrm ^ c " " . 2 

U.S. Patent No. 4,288,577 describes the,ram,oval of unreacted methylene 
'. bis . ( )ttB n y J i l oc y. a ^ 3 : t P):( M P I )rY i & solvenVexfractipR with hexane. - 

-•-. 'U.S., Patent Nft.:4,&88;442 is directed to-a process- for- reducing the fr§e 
, monomer content o£po.iyisocyanate ,adduGt ; mixtures; wherein the.adduet has an 
average isocyanate functionality of greater than. about 1 .8 which comprises treating 
the polyisocyanate adduct mixture in the presence of 2 to about 30 percent by weight 
of an inert solvent, based on the weight of' 'the polyisocyanate 'mixture,' in an agitated 
: thin-layer evaporator under conditions sufficient to reduce the free monomer content 



■WO 01/40340 



PCT/&S06Yi0062 



of the polyisocyanate aiMactbiXturebelow^ which is obtainable in the 
: . absence of a solvent; Ry.this-i5r6ces^/pDlyiiretharfe prepofymers of alipfratic 
■ diisocyanate monomer -with .1 1-12% free mbriomer were reto free 
. monomer, ^esidua^ ^ ' l ' ~ [ rj 

5 Of these processes, -distillation is much simpler and'more economical than 

solvent extraction or molecular sidve adsorption; There is no need subsequently to 
. . separate the monomer from -either (flammable) or molecular sieves. 

■ However, in the distiiration of -diisocyariafe "moiiomers from pbiyurethane 

. i t . ;:prepolymers ; high temperatures iSu^t^beivoidMtb'preveht decomposition reactions 
10: in the prepolyiner. ^ The disttllatidh pfbdesses Hescfrbed' above relate to removal .of low 
r . boiling point diistfcyatiatfeV^^^ MDI has not been easily removed 

by distillation owing to its much higher boilin^point artd thi th^nnal kbrisitivity of 
. : N^I^based'prepolymer^': : i 
i; >: J^lyurethan^ 

15 heat-sensitive; howWef / prepbl^ miich more 

/ - ^theniiailyiuns^^ Typical aliphatic 

: ; : / - , diisocyanates inclu^^ 

\ ; ; ; : and methylene bis~^ riiade from 

y , ; aromatic isocyanates ait much less ¥es£sfcM to thkhbat degradation thah those made 
.20 from aliphatic diisocy^ates/iriaM^^ by 

distillation mucfcmore^diffic^ a high boiling point, 

:-~_s such as MDI. Distillation of (^Mnfon%ii)jKa§c du^ocyahate monomers from 
: - pfepolymers is much easier cfA^g ! fa th^^ atfd much greater heat 

- \l stability. However, polyuret&aiM BaSed'ori -^pSSiic diisocyanates are generally 
25 , ■ : accomp^ 

. -■ /: isocyanate in the hard -segment produces" a- £ti£fer polymer chain with a' higher melting 
. . point (See Lamba, N. etak,P&lyur ethanes ! ih Bibrrl^icdl Applications CRC Press 
LLC (1998), page 14). Thus, polyurethanes / made , ^ ffotn 'aromatic ^isotytoates are 
more desirable in certain circumstances. 

30 The two most commonly used aromatic diisocyanates are TDI and MDI. 

Other aromatic diisocyanates, such as naphthalene diisocyanate (NDI), Sp'-bitoluene 
diisocyanate (TODI), and PPDI can also result in high-performance polymers, but at a 
higher cost than materials based on TDI or MDI. Aliphatic diisocyanates are also 
significantly more costly than TDI and MDI. 

35 TDI -based solid polyurethane elastomers are most commonly made by 
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the H? ui ; d P re P o1 WW 
k$% c $?*^ Di.ol.cwatives give . 

.generally inferior properties ^.w^ Tp prepolyraer. uMBGA is suspected bf being a 
carcinogen and mus^guire^ careful ,attention,to industrial hy giene -during casting. It 
if ^fpcepta^efortipn^ic^^and %d-fcdHStrya^Ucauons. .C 
3. •• : 3 pQr "4 ustriaI ?f fe ^7:i^w oul 4be;pa^ifiularly desirable-.to have prepolymers 
that are both (a) jow, .iQ monor^eri^ dnspc^ate^ level .and- (b) capable of being used 
with diol .Qhain : e^tender5 :ffiff Q chain extenders that are not suspected of 

. .. causing ?ancer,.for ^ aromatic ■ 

amine has.JfQA appr£v.^ int0 contact 

. . with dry.fopd and, unlike-ma^ a suspect 

. : ^nogen, (C:F.R, -dshi .^rc; v r vr ■ _ . 

While currently-available commercial MDI T based prepolymers are most 
2 . ^or^morjy c^ajn-extpnded.b^w dipls, suchias 1 ,4,butanediol or :> 

v ( ^49.quiQon ?u bjs(2 T ^dip^ sigmTicant amount of 

nipnomeri^Mp.^ Moreover, the 

r ; W&^XfP. .<&the ^Wn^I^ed p.reppjymers makes it impractical to cast the*:: 
pjfpolym^ j^diaini^ ^^b|^sik^ ajj;theFDA<apprdKed trimethylene ■ 
$ y Wl&-&?^p&!q>$fo ( Jb^ 5? *f -^omMDI-baseid prepolymers cannot provide 

.(glycpl).chain extenders- n o g^ljpmm.myiacSbsi^ are more flexible and less 
? jf^^F .%^^$^^an§teg&' , #iamba i N ;i e7,a/., supra; page 1 7) - and 
2 -f^^ n ^^ ^er te^TO^o^-eq^^^mine-exteBded poLyiirethanes are 
a f^ty ^in^Ii^ij^^ch; a^^^; ^lls^which are subject to failure from 
? overheating.by hysteresis, ^^t,w»TMb^.^ya(iesiAWe to have MDI-based 
^prepolymers t^ a .t are cajRable j^p being chain-e>ctended by a diamine curative, such as 
... trjmethylene glycol d^p-aminobenzpate^that ismdt a suspect carcinogen. > 
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It has now been found that uiireacted MDI mbnbmers clh be removed from 
MDI-based prepolymers, "whereby 'they are rendered 1 capable of being ; chain-extended 
5 by a diamine curative, such as trimethylene glycol di-p-Wihobenzbate/- 

If is an object of this invention to provide* a new distillatibn method for 
removing diisocyanate monomers of higfr boiling point particularly 'MDI, from a 
prepolymer reaction "product mixture prepared" by the reaction* of in organic aromatic 
diisocyanate monomer with apolyol? 
10 It is a further object to provide castable p^ 

hygienically safe, that can be cast witKout difficulty, and that provide elastomers 
having excellent mechamcarproperties. * 

ilie present invention relate 

diisocyanate monomer (particularly MDI) m a prepolymer reaction product by . 

/ •:;- r ;--; ; .. \ .;.>:■- . vsij \q ;na:sv ;^;oj om -. :<~v^ =■ u;d:. . : ;* 
15 distilling the reaction product m the presence of at least/one inert solvent with a 

boiling point below that of the monomelic diisocyanate. 



The ratio of the diisocym 

from 1(3790 to 90/1 0. 'Tlife" combination diisocyanate 

,. . . ri \^ - -- tr -.-^ r .- ; -^rfv^^^c .^nsvx ■ ru.- :\:^i.r.:. r ::t \ ■ 

represents about 15% to 85% of the total weight of .the prepolymer reaction product 

•,,.-r. • . >*:- , ;'i-'.-" : :'-r-.-. ; -'T-» ■ '8 • hm; ^Encvoo^ai *: ^; ^rn. ..'_v o 

20* 'mixture plus solvent. 

In a preferred embodiment, three or more distillation stages are employed in 

series with successively more powbfM Vacuums to successively reduce the content of 

"monomer and solvent in" the prepolymer to below 0. 1 % by weight. 

The present invention also relates to a process for the preparation of 

- '(?>']hJci?vxcM[3-±)lXh v.r :t: 

25 polyurethane elastomers by extending the chain lengths of prepplymers containing 

' low concentrations of 'monomenc MDI. The chain extenders can be diols or diamines. 

The exiencier/prepolymef stoicHiometry can range i^om about 75% to about 120% by 

weight, preferably from about 90% to about l65%. Extender/prepolymef 

stoichiometry means the ratio of available -OH and/or -NH 2 groups to -NCO groups.^ 

30 More particularly, the present invention is directed to a process for reducing 

the amount of residual aromatic dLii^ocyanate monomer in a polyurethane prepolymer 
reaction product comprising distilling the product in the presence of at least one inert 
. solvent having a boiling point a&out 1 °C to about 1 00°C, preferably about 20 °C to 
about 80 °C, below the boiling point of the diisocyanate monomer at a pressure of 10 

35 torr, wherein the aromatic diisocyanate monomer has a boiling point above about 
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200°C at 10 torr, the, weight ratio pf ( ^ipe^oJ.vent to the residual aromatic 
diisocyanate monomer ranges'from about 90:10 to about 10:90, and the inert solvent 
,, ,. . comprises about 5y fii p about £5% by T weight, jjreferably.about 30% to about 75% by 
„ ; , .weight, of the to*al wdgh|..Q.f the combination of the prepolymer reaction product 

5 mixmrerjJus solvents. .-, [f . . ■ ; . . >; r . ; .. 5( „ ; ... , c ..-^^ . .. . 

. i , . . . In another- .aspect,, the present invention is directed to a prepolymer comprising 
the reaction prpduct ofa polyol and a stoichiometric excess of diphenylmethane 
diisocvanate monomer at an ^CO:OH ratio in the range of from about 2:1 to about 
20:1, wherein the unreacted diisocyanate monomer is removed by a process 

10 -comprisin^distilling the one inert solvent 

having a boiling point abouLl°C to about 100°C below the boiling point of the 
diphenylmethane diisocyanate monomer at a^pjressure of 1 0 top-, wherein the weight 
ratio of the inert solvent to the residual dipjienylmethane diisocyanate monomer 

, ranges from about 90;1 0 to^about 1Q;S>0, and the inert solvent comprises about 5% to 

'-■;!?. ! Jt.:?};-:, i^.^'T >a:.*;q c :;r ilC;-^ Vi'smsi ■ :; / .-- r ;-" 'orr r^rv. 

1 5 \ about 85% by weight of the total weight pf the combination of the prepolymer 

reaction product mixture plus, solvents. 

, In still another aspect, the present invention is directed to apolvurethane 

elastomer comprising the reaction product of i) a prepojymer terminated with 

-.'.n ^ r* ..kv c-ul. :a^v-.oz arl; nortec nc^ & . ; .■ .i; V^b ! u^ t/"" 

diphenylmethane diisocyanate,, said prepolymer.comprisijig no more than about 0.3% 

20 free diphenyFmethaine diisocyanate and at least about 80% of theoretical "NCO content 

for pure ABA structure .with ii) a chain extender selected from the group consisting of 

t::. -ys jo f . i; siom s-era? ./aor^iLCo; . :^ro-:-.. ... . . 

1,4-butanediol; 1,3-propanediol; ethylene glycol; 1,6-hexanediol; hydroquinone-bis- 

hydroxyethyl ether; resorcinpl di(beta-hydrdxy ethyl) ether; resorcinol di(beta- 

hydrpxypropylj ether;* i s 4-cyclohexane'dimethanol; an aliphatic tjiol; an [aliphatic 

tetrol; 4 5 4 5 -methylene-bis(2-chIoro'aniline); 4 5 4'-methylene-:bis(3-chloro-2,6- 

diethylanilirie); diethyrtoluene diamine; t-butyl toluene diamine; dimethy Ithio-toluene 

. _ diamine; trimethylene glycol di-p-amino-benzoate; methylenedianiline: . 

'] ! ..i.' 'i \ ' 1 a.:.:-; 'VU/t: ^nst r rT/iinG^riiC^ z r. &t \::. . ■ u 
methylenedianiline-sodium chloride complex; and mixtures thereof; 

'tz v. "^r;0"': ^ v ."i . i '.L ; [ r; o" t '.- ? rrroi'. Vi i_ * * ' ■■ 

, wherein the equivalent ratio of chain extender to prepolymer is in the range of from 

■ :-: v., v .. ./t^ t". ' r • "ic ^jri^ hv, ric u:. V' ■ ..,1 ^ . ? i:; -;: ■i;^r;.;(r ' 
30 . about 0.7:1 to abput 1.2; 1.. . ^ ' 

In a preferred embodiment, the present invention is directed to a polyurethane 
elastomer comprising the reaction product of: 

^ , A) a diphenylmethane diisoc^anate : teniimated prepolymer comprising the 
reaction product of: 

35 ^ i) a first polyol comprising at least one component having a low 
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molecular weight in the? range- Qfcfmm abG^t 62 to abqut 400, and selected from the 
group, consisting of ethylene; glycol isomers, of prqpy^neglycoU.isomers of butane 
diol 5 .trimethyIp.lproi?ane 5 ReQta^thrito.l, : poly (tetramethylene ether) glycol 
.^ethylene glycol, triethylene„glycol r .dipropylene : ^ tripropylene glycol, and 

5. . . mixtures thereof;-. V\. o:,^ ,:-:r:' I \,j < ■ r- \. 

... ii) . , a .sepond poly pKhaving; a high molecular weight in the range of 

from about 400 to about 500Q; : and ;: .j;*r. r :l c, :.:.*-v : t .^n 

. . iii) 7 a stpicbiometric excess #f diphenylmrthane diisocyanate 

.> mopomer at ; an NCOrOH raliorinvthfe-sa^e^of^qin .about -2:- 1 to^ about 20: 1 ; 
1,0 wherein unreacted diphengjjn^ removed.from said ; 

, reaction product by aproce^pc^^ reaction product in the 

presence of at least one; ine£ §ol^ about 1 °€; to about 1 00°C 

.below the boiling point of th^ dip h^yJ5je^^©^.socya^e monoii^at;^ pressure of 
. ... 1 0 torr, wherein the vveightratio aftiie^art. s^feeaj to the-residuaj diphenylmethane 
15 , . diisocyanate monomer rapges ; &Svw^bout -9Qi|Q <tp ; about 1 0;90 s: and the -inert solvent 
; comprises about 5% to abQut85^ weight of thecpmbination of 

the prepolymer reaction product mipc-to i 
r .. ... , :v , ,B) v ..;ach^ 
. .. 1^3-propanediol; etoylep^gly^ 
20 T ether; resorcinol di(betarhydroxyethy;l) ^the^e^prcinol di(beta-hy droxypropyl) ether; 

1 ,4-cyciohexape .diinethanol; aliptetio, ^ol^^ighatic.tetrpls 
- t _ . phloroaniline^ toluene 

diamine; t-butyl toluene diamine; dimethylthio-toluene diamin^trimethylene glycol 
di-p-amino-benzoate; methylenedj^lm chloride 
25 complex; and mixtures thereof; 0 r v :. roi v ;:j ; ; a-' ■ =' : r-: : o.v • ' 

wherein the equivalent ratio qfprepoflyiti^^ is in the range of from 

about 0,7:1 to about 1.2:1. ; / . .^ uu*-" :; ;c r.i. r a., i 

30 DESCRIPTION OF THE PREFERRED JEMBOpiMENT(S) 

The present invention is directed to the. removal of monomeric diisocyanates, 
especially diisocyanates having high boiling points, e.g.,, MDI, from prepolymer 
reaction products. As employed herein, the term "prepolymer reaction product" 
35 means the product of the reaction of at least one polyol y/ith at least one diisocyanate. 
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Polyurethaiie prepolyttfers oahlje ^obfaHied b^i^acting^he polyol with: the 
dnsocyanate monomer by prSdeduresi kfc$vfft iif &e art.^ According -to. the present 
invention, a" prepolymer : is made 'by- tr^ rea&tiori of a polyol, such' as a-polyether or a 
polyester, with a lar^e ekc^s of-aldHs4)cyanat^rHonbrher ; such as rnethyj&ne bis (4- 
5 phenyldiisocyanate) (MDI) and/or its isomers. An inert solvent is used'to facilitate 
----- 'remdval of memondhieric diisocyanate^ frem the prepolymer. - 
The inert solvent should have a b6Sin| 'point lower than that of the- 

diise^yafltffe'^StfrtiSfij^s^ under Vacuum^drfditi ons. For purposes of the present 

invention;* the beft Selvel^ ©t from about PC to 

0 •' ■'- about- 100°C 5 ;preferably^§^t 20^td : Slbi*af-^-e;^elo>v that of ttediisocyanate'at a 
• vacuum df 10 torr, As'eMpld^toer^^ a t 10 torr unless otherwise 

■ specified. -FoiEMDfc(fepai;S^ solvents include dimethyl 
"■ -q phthalate-.(DlV^) (bp 1479GT )£e^iptoaW^ adipate (bp " 

^ivlm^ ^ dibut^ pMaTMe /DBfP^bV P9^C).--'Thepreferred inert solvents are 1 
5 '' c ' - those thaf do *6t re^btwith^ . , ' 

miscibility witfi tne ffiisoljy&hi ^s^and pi^lymefs: 3 ' • :i- ~t : 
: Solvents have pre^ 

' • > distilled^aioiriati'G dUSoeySrialt ,$6n^ers.' #6'f aromatic diisocyanates, such as TDI 

and PPDI;a sblvra^ffeif%^^ disclosed in ^ 

U,S: -Patent Nos. 4,385;ITOmf ^^fe^3:? ; ^61 vents' Wim lower boiling points were " 

• only -iised for -ali^Mtfe^i^^anairaM^^ly have-low boiling points and 

■ • pfovia^prepo^me^riSvJfl^ thai those, provided by aromatic 
-■■ ^ : diis'ofcyaHfites.- ' :;: ' ;: - Ku^i-o\dllytiii:-x;?i> ••. '.7 .v:- ■• v 

' - - ■•• ■■U:S;-Pate^NS: --4 WM2aa^^'i*fcnoY&g theiow baiting, aliphatic 
monomers 4,4'-methylene bis(cyclohexyldiisocyahate) and 1,6-diisocyahatohexane 
•~ > from mixtures of plyweth^prepoiymef reaction products and solvents of lower 
boiling point by distillation. According to that process, the prepolymer reaction 
product was prepared without solvent. Unreacted diisocyanate level was first reduced 
by distilling the reaction product without solvent once, and further reduced by 
distiilihg'the treated rea ; e%bri product in the presence of 2 to 30% of an inert solvent. 
The process required separating the inert solvent from the diisocyanates if the solvent 
- - arid/or the diisocyanates were to be'^eused, resulting in additional cost. 

. ' • According to the present invention, it is'practicaf to dissolve MDI in the inert 

■ solvent, such as DMP or DBP, at a temperature of about 50°C before ; charging the 
polyol, although the inert solvent could be blended in after the prepolymer is made, 
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-acpording to techniques : \yell known in; the;art for the preparation :6f urethanes. 
, .. \ The weight ratio: fff J^Utcf^Qlvent. can range from about 1 0:9#to about 90: 1 0; 

- / an MDI/solyent weight .ratio from afa<»itL25:75 fo^bout J 65:35 is^pref erred. At higher 
: , v ; ratio?, the MDLmay forrri crystals .^d^ room temperature, while at 

5 significantly lower ratios- th^cdst of iremaving the Solvent during- distillation may be 

unnecessarily high. . . ^ ;v" 7 r : ./'" .- ' v r /;.d 

The polyurethane prspojymefs can*be;madeby reacting the diisoCyanate 
monomers with high ;mqlecular iydghfepdyol&cThe are most 

typically TDI or MDI. :MDI is^ornmercially kvailabte-as the pure 4^4'- 
1 p ; f diptienylmethane diispeyan^te isorner^e;^ ifdcmdur-M P, Bayers) arid as a mixture of 
v . . . . isomers (e.g., Mondur lytlJ, ftay««*d^ As employed herein, 

"MDI" or "diphepylmethane^ foifris of- -<* 

r diphenylmethan^ 
. , ; Other 

15 include Pppi, tolidene diisocy^ (NDI); ' 

r diphenyl-4 , 4' -diisoqy anate,^tilbe^ benzbpti en<5ne-4,4 ' - 

dii^oeyanate, and mixtures thereG>§ ^iphaiticidiisocyaiiate moncMers include 
dibenzyl-4,4'-diisocyanate, isoph#rp'nedii:soe^^ 1 ,3 ahd-1 ,4-xylene 

diiso9y^ates,J,64iex i ? 4- 
20 . .: cyclohexyl dnsocyanate^^ 

isocyanatpcyclahexane) (H 12 M^ 1 
, . The polypls are typically pqlyetbsr, .^%esterr-and polycarbonate or 
: hydrocarbon pplyols having molecftla* : ;wdg:fete:u;igiGg-from about 250 tb about 6000. 
, Pplyols haying molecular .-weighs to 
.25 " ;tiomi^\y/\x^ to pitp^e;pre^ glycols or tnols liaving rriolecular * - 

..weights of irom about 62 : to about 40fi:can.fte-iiiduded.imddr certain circumstances. 

A mole ratio in the -range from about 3: Juto: abput;2@:"l , preferably 5 : 1 to 1 0: 1 , 
MDIrppJyol is recommendecfcfpr use tothe practice of the present invention. Reaction 
temperatures ranging -from about 30°G to about .120°Oare' practical ; Maintaining the 
30 . . reaction at a temperature in the range, of from : about 50 P C to about M 0°C with 
.agitation. is preferred. . : ^ : . r [/ : " [ 

-When the preferred mole:ratios. of MDI to polyol and the weight ratios of MDI 
to. sol vent are observed, the reaction product can be transparent at room temperature, 
and primarily comprises an adduct having. the "MDI-polyol-MDF structure (here 
35 termed "ABA" structure, where A denotes MDI andB denotes a polyol). 'Higher ■ 
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. .. melecular weight adducts ^ontaimng two of rnore polyol moieties (here termed 

- -'■ "oligomers'I of stnictureJ'ABAfiA",c^ j ess desirable. 
?. ' Each ABA and ABABA-addiibt has'tWti^nreactedNCO group's, one on each 
!.-..=,- .pf the terminal: A moieties^TheintemaiiA'moiaty'in the ABABA adduct'has no 

, jemaining:unreactedN€C group: nlfterefore? thef ABABA adduct-has : a lower weight 
percentage NCO content than does the ABA adduct. Thus, in a prepolymer reaction 
y/^rodttct-nii^tUEtesiabstantially free-4>fiiiW5ac|gd & the 'relative content of ABA to 
. higher mole.cuiar;weighTadriuets:^ NCO content of the 

mixture. . A.large. mdlar^eessloEMBI over : poi'y6l minimizes oligomer formation. 
;, : An MJDI:polyo3 maletratksbf at/ie^t^ 0 f a final 

td r : .prepolymer (a^ter rerffovdac&sqivei^^ with-NCO content at 

least about 80?/o .of the JhecreticM^N^tonteM^dr a^urS ABA structure. 
■;. t. r Asaniljustrati<m,rc^^ 

' ■ ^ v ? i S ht (*PW) .1.000, MEadiasjinwlSOM^hu^the ABA adduct^ould have an mw of 
3; : ,2^*Qi>0dm-eHf50to^ groups; of '42 daltons each. 

. Thus,ithe,NG^ weight fb'r the AB A structure. 

By a similar calGuualipj^itasiseehi&at the' ABASA 'structure wbuld'nave^an NCO 
content of 2(42)/2?50=&^§^byb^^q ; ?1 x - ;o -..^b- 
^ ? -^e;p^ 

-contains a large amQuritjefon^acteil MDI and 5 solvent, which are removed by 
distillation. Any distiHatimieijuiprfteftt ttiat can be efficientl^:operated at deep 
-vacuum ,,nip^ i!esidence % tim ! e can" Be used in this step. For 

, , , .epjnjjlfe .one Q^iige^iMgifid^fflifli^Btillstieii- systeWt*>mtoerdalized-by Pope 
y •Scientific^Incij Aid^lndu^s,elhc$ G&XOWct GmbH , & Co.; Pfaudler-U.S., 
c ^Inc.iJnCpBlT^ 

- purpose;,, .C^itihuous-amrtsvcwth internal *G6nderisers dre'preTerrea because' they can 
) {. reaeh lower oparatuigiyam^ 
: . i -n. -2 Jt is^racticatto stirp,the excess MDl'ahd- solvetit at'a pressure around 0.04 

.Torr an^at^ternperatuf€ between abtfut 120°G and about 175°C, although stripping 
; , at^O.02 torr or below and;440 0 C.ot below may generate" the best results. " The 
importance of minimizing high temperature degradation of prep61ymers from 

- aromatic, diisocyanate monomers is; described™ U.K. Patent No. 1,101,410, which 
; -.recommends thatrdistillation be conducted under'- vacuum with an evaporative 

temperature preferably under 1 ?5°C.' U.S. Patent No. 4,182,825 describes the use of 
evaporative jacket temperatures of 150-1 60° C for TDI prepolymers. U.S;'Patent No. 
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5,703,1 93 recommends a jacket tdmpeFatur^Wf 120°G/ ' :; - 

: As a rule of thumb,vitis dbsirable- thit'ih 1 thd operation of agitated film 
distiIlation;eqmpment the condenser temperature for the distillate W at least about 
;-;jl00 q G;.below the/evaporative teniperatiJre: This provides a driving force for 'the rapid 

. arid ^efficient evaporation, then conderi^atioh, of the distillate: Thus, t6 drstill off MDI 
monomer at an evaporator tempieratur^ of T40 9 C or fower(to aVoid tfcerfiial 
decomposition of the prepolyinerfc a Condenser temperature of ^O^C'or below is 
£esirab3e. Since neat-MDLhas a naelting pomt of Mbbut4b? : e 5 £ higher condenser 
temperature is required to prevent solidifioatron^ofthe MDI in' the condenser. The use 
< - of a solvent permits condensation^ 30°t! or lower. Thus/ 

the use of a solvent makes possiMfctEe^se' ^ 4o\*>e? evaporator temperatures, thereby 
avoiding thermal decomposition ^■1h*^r^cyr^Sr^- , - i - ' 1 

: : c rv; . .If the recommended stripping bond$tions T 'dre Observed,- the residue :: 
^prepolymer) e^an contain less' tha&Xfrl %:solveni ; and : Sbout r 0. 1 to about 0:3% MDI 
after pjie pass, and jthe distillate ftanxorfie^ut cMn-aiid remain transparent 1 ^ room 
: temperature. The .distillate can tlien bfe^rtused tb 'produce more prep6lyrtej\ 
Monomerip-MDI/l^el can drop <dowk#ff f% -after two bx three passes. 

This is in sharp contrast to the non-solWri^6lfes§^e&ribed in U;S. Patetit No. 

f r 5,703,193, in;which the fr^ MDI^lev^feir^a^^Offl tin ^tiirmted starting level of 
about 57% to 21%, 3.0% and 0.7% after thirst; Second/ akl third passes, 
respectively, when earried^out under siiAiM^otiaiiions. 

Generally, the prepolymers;obtamed% 
can have low viscosities, low mondmeidcr^®! feMfc Ma ^gh NCO content^ e.g., 
80% or more of the theoretical WCQ a>^ pnSpolymers 
can be easily chain-extended by; various chditi ®tiMi&t at moderate processing 
temperatures, even with neat diamines that ^e hot practical For hoi-casting of 
conventional MDI-based prepolymers . The ch^n %xieKders r 6^h, : fbr example, be 

. . . water, aUphatic .dials, aromatic* diamines, or their ttiMifires:" ^ ! * [ - 

Representative preferred chain extenders -include aliphatic dibls^such as 1 ,4- 
butanediol (BDO), resorcinol di (beta-hydroxyethyl) ether (HER), resorcinol di(beta- 
hydroxypropyl) ether (HPR), hy droquinone-bis-hydroxyethyl ether (HQEE), 1 ,3- 
propanediol, ethylene glycol, 1,6-hexanediol, and 1,4-cyclohexane dimethanol 
(CHDM); aliphatic triols and tetrols, such as trimethylol propane; and adducts of 
propylene oxide and/or ethylene oxide having molecular weights in the range of from 
about 190 to about 500, such as various grades of Voranol (Dow Chemical), Pluracol 
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5.-.' 



10 



15 



20 



25 



(BASF Corp.) and Quadrpl (BASF G&rp^ . ; - 
Preferred diamine chain : exte^^^ 
; ; (MBCA); 44'-methyiene r bisi^ toluene 
, , f .diamine (DETDA, Ethacur^^ 

to te ne dian ?! ne QBTOA); dirnet^ylfei^ojyene diamine (Ethacure™ 300 from 
Al P¥MhP OT P° TaX \9^ trime%lene.glycahdi-p-amino--benzoate (Vibraetfre® A157 
from Unkoya^qiemical Cpm<mA®£i or rYersalink 740M frortrAi* Products and 
... : Chemicals); metkyl en ^ chloride 
cqmplex,(Caytiff® 21 ^d^lafrpm^nifoyaltGhemical Company, Inc.). 
- t u Tbp most PW^e^^^^^^^SDepHQEErMBGA, Vibfkcure 
r. i ^ 15 I>M C ^ EA r£^^ e 33^^ .• r- 

Polyurethane elas^s^^Jbs^deibiriextendin^ the chains of the 
prepplymers hayh^gjpw monome^MlL^ extenders by 

, mpthpds too^ : ^ { ti^ r J^a|^oiOd®Kcham extender'and the pfepolymeriare 
c . mi *?$ -0^ et ^rP^% m : ei ^fic Jfee^hahivextensidh temperature wTll-typicSliy be 
wi^n the range of. abj)uyo°£ L %aboufc l50fC.aTh' e . specimens so obtained are^ 
.ir, norma11 ^ a 8 ed 'f 0 L* b 9^^Y£gejc§^ rac^^ f * 
test^ f)f ^cl^^^^fi^t)z-{\of< 3 -i > ^.U a;.,; - : riT * 
.. ,.. For, industrial cas^g^p^tfens'. a^wdrking lif^ of at leasf sixty 

seconds i?JW}^.mm$3mfo tbff prepolyraer arid the chain extender and to pour 
the mixture into molds, : witj]gut)bufebj«s, in mafiy cases', a working life of 15 '-to 1 0 
-••TO 1 ^ A^F^^ d >til^lOT^^MfopBseaf' invention* "working life" (or "pour 

-^"i-? 1 ?^^^^?^!-????^^! f<3!^eiimxtureiof -p^epolyra^r and^chain extender to 
,; T f ach a ?^^W ; >v#8g^^5^a^<ff300 poise when each component is 
;i a% eheat ?^^^ isl5poise 1 brJower, preferably 10 

P^fi^i^*. fxcept^r^stated otherwise^ Some less common industrial casting 
°P. e F at j?F & «^*.^e^i>^"the i useio,f.MgheP viscosity and shorter pour life. 
The advantages.and.4he important features of the present invention will be 
• moi *e apparent from; the.- following examples. : ; '. : :i: . -r *- T 
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. ; ^-EXAMPLES. ' 

■ -The following materials wer^usedin the examples; , . 

• _ . .. j ' . • i^^Cri L-"i>v. : , ; • >• : - J- '•- " ■ 
5 Acclaim™ 4220: mw=4037 5 ;LyondeJlLehemical Company, PPG dial polymer from : : 

propylene oxide ("PPG 4000") 

Acclaim™ 3201 : mw=3074, Lyondell Chemical Company. PPG-EO diol (copolymer 
' - — from propylene oxideMethyl^ " ~ 

Adiprene® L-F 1 800A-: Prepolymer eons^ ofPEAG 2000 arid; TDI 

10 with below 0.1 % monomelic TDI ,~; — - — \ — - - ~- - \ 

Arcol R-2744/ m*^22^ diol ("PPG 2000") 

Diethylene glycol: mw=l 06, Aldirich Qiemical Company, Inc. i 
Eastman® DMP: mw= 1 94, dimethyl ph^halate (DMP), Eastman Chemical Company 
MondurMP: mw=25&, methyl^hFBi (MDI), Bayer ■ 

1$ Corporation r _ ; .: . v.' \ ^ \- j ! r . .: ' ' - . ' 

Nuoplaz D£A: mw=3 7 1 , dipcty[ Jnc. : — .. ■ . _ 

PEAG 1000: mw=980, Witco Chemical Corporation, PEAG diol 
. PEAG 2000: mw=} 990, Wrtco ChermcaJ Corpdration, PEAG diol, : . ; 
; ;PEAG2506rmw=2592,RucoPdly^ 
20 : Terathane 1000: mw=994 9 Dti'Pont, PTMEG^dibl ("PTMEG 1000^ ^ 
" " Terathane 2000: 

Tripropylene glycol: mw= 192, Aldrich Chemical Company, Ipc. - > [">'■ . 
Uniplex 1 $0: mw=278, dibutyl phthalate, Unitex Chemical; Corporation ("DBP") 
Vibrathane 8585:, Prepolymer consisting essentially of PEAG.2000. and MDI • with ca; 
25 10-13% monomelic MDI. Uniroyal Chemical Company, Inc. - 

Vibrathane® 8086: Prepolymer consisting essentially of PEAG 200Q and TBI with 
ca. 2% mpnomeric TDI 

The low monomeric MDI content prepolymers of the present invention were 
30 prepared according to the following general prepolymer synthesis procedure. 

Examples 1-10 

Preparation of Prepolymer Reaction Mixtures 
Examples 1-10, shown in Table 1, were prepared by reacting the polyol with 
35 excess MDI at temperatures in the range of from 60°C to 85 °C: The MDI was first 
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dissolved in DMP to make aTSDZSG-solSion and then preheated to the reaction 
temperature before the polyol was charged. The reaction mixture was held at the 
reaction temperature for aHeast;4«6:houts -Under dry nitrogerf SrTd with agitation. The 
reaction mixture was then pre-degassed at about 1-10 torr. Unreacted MDI and 
5 : solvent were then removed' by a-svipetf film: evaporator. 'i-.;> ; • =, ■■■■ 



15 



20 



'• ' "Tabled " ; ■ ••• • 


Examples 


1 \ 


"'"'2'""" 


. . . ... 


4 






7 .' 


i 


9 


10 


Pplyols 


A' 


B 


1 ifi.r 




brS/J 


F , 


..G, 




. \ 


J 


NCO:OH 
Reaction 
-Ratio 


10:1. 


i'6:i;. ; 


Iszla:: 
6:1 , 


1 0.: 1 

nq 


^6:1 , " ; 


10:i 


10:1 . 


10:1 


ia-1 


10:1 


-'-Neb' 
Content 
(Prepolymer) 


5.25 


3.20 


4^97 

hows'* 


3.18 


2.38 

[ 


2.98 


2.31 


"1/74'" 


1 a.8 


12.4 


%MDI 
Monomer 
(Prepolymer) 


0.012.' 




0.&16 


0,011 


■ rr_ * ' 
-0.017. 


<0.],. 


_<0.1 


<Q.l 


< Q- 3 


O.3.. 


% MDI 
(Distillate); ; 


. 45 . 


' ''■ A T' 

- 45 7 




> -.;:u --; 


• 4 ; ] ' 


45. 


45 


45. 


,45 


45. 



•. iv'b C-rvi l'T i .y. 



A is PTMEG 1000- v:v: O JsyinisnD :ki\i>;A is PPG 2000 5£ * ;,! ' ; i- 
"B is PTMEGl200d ' >;:'-< ^liaU .^si^ri ; : G is ip PG . E 6 3000' 1 
25--; . C is PEAG 1000 .H'i :o rilaiJiweaa sni:air nc. jj p pG ^qqq. 

P is PEAG 2000 a ::^q-oD ir,ii.v; i ') l^o-^ j s Tripropylene Glycol : 
- •' 'E isPEAG SO00 . : :r ■■- ..'su^ : :ij - Diethylene Glycol ' • : r 
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Preparation of Purified MDI/ Solvent Solution by Distillation 
MDI was first dissolved in dibutyl phthalate to make a 50/50 solution at about 
50°C. The solution was sIi^Hfly^Ku^-when^cooled down to 25°C, reflecting the 
presence of insoluble irhpiirxtiesf such as'MDI^dimk or MDI reaction pfodtidt with 
trace water in the solvent The : s6lutto^^ purified by distillation according to the 
' procedure described in Ekampte a f4: v transparent and 

colorless and contained about 48% wdi^ht having an'NCO content of 16% 

: - (4S% of the NGO content of : :£:6%te " "~ v ' : ' ; ; a 

~ lXanfpIfe°I2 J ■ ^ £ ' ~\ ; -- 

-1 . • • Preparatibn of Prepolyiri'ef ffi^^^KIreci : Nil)t/SoiVeiit Solution ' L 
' • A prepolyrner -w^^ 25Wwith "excess -MDI it a 

molar -ratio of 1:6 usmg'the-pu^ sdffiSoh described in Exaniple : 1 1. 

The reaction was -conducted describee! for 

Examples 1-10. The unreacted MDI and DBP were then removed by distillation 
according to general conditioii^dfes^ The NCO content of the prepolyrner 

was 2.23%-aM ffitfMEttleflfl -tfrthe aBtil»&a§ 3S%}^ : - 1 : 

! u \; Removal of 

• ' . " CompaYi^^^ ~ "v 1 - ■ ,, -- ! - ; - 

Inefficient Removal of UnreactedE- f^FM Solvents at Extreme 

- v Conditions ($igK J ^ 

U.S. Patent No. 5,703 J9i : 3es!&ffi)es tnB iifctjin^Tfeb renioval of ihdnomeric 
MDI-frorii a commercial prepolyrner essentially 'of the 

Reaction product of PTMEG "f000- 5 %ac^ and MDI With about 

14%' by Weight iiidnomertc MDI/ -The prepolyrner was passed thrbugh a conventional 

-vertical glass wiped film evaporator -with an internal "condenser and a 'heated jacket. 
An Evaporative surface of 0:6 square foot was usedO :; The"prep)olym'er was fed by 

•gravity as it was wiped as a heated film on the inside wall of the jacket; "Volatile 
monomer evaporated from the film and* condensed to a liquid on the internal"* - 
condenser. The distillate and residue flowed down to discharge pumps and receiver 
vessels. It was reported that the monohteric MDI level dropped from 14% to 0.35% 
by weight after the prepolyrner passed 'through the apparatus once' under conditions of 
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jacket temperature 161°C, internal condenser temperature 65°C, and vacuum 0.004 
torr. , ,. . '. ( ; . , ^'-;v ■-, -\ r ....... 

".•"3 : - ; , / ' ' -j ■ -ii; . '.' r /if. r' .7> ,f i T.'^ifi' 'O-j.-'.'-" '(i;"".. ' •:. v: t'" . 

r - ; , ;-• •_• .. r .<^bap^ra^ye, : ExampieB ( 

r . - ; . . . Inefficient .Removal of Hi gh^evels: of Ur^gacted-MPI Monpnaer Without Sol vents 
. : "■■«.;-; •" bv^sin^^ulligle^ass^s. ••• . . ; •• r; .... 

i ^i 8 .*? 8 ^^!;^^ removal L of high levels of 

unreached MDI v mpnpmer.w^ The prepolymer 

reacti on mixture was prepare ^by/;reacti^-P^ffiG J 000 witrrMDI in a 1 ; 1 0 molar 
ratio at 60°C. The mixture was passed though a wiped film evaporator three times at 
a jacket temperature of 1 40°G : far- |jjst pass and 160°C for the next two passes. 
The^eraa^condenser-tempe^ar^,was f3.^!and-fee.yacuum ranged from 0.02 to 
, :P.p^torr for .each r pas&. :: .yi*dj^ MDJJevei was reduced 

:' r^^57° /o t0 ; M^^c^&^PM f?&. seconded third passes^ ^ 

■.: i- . '-. ■ "kc! raw «>JG bcm iGW is. i •'" Oi-f -. ..A.;r:,v 

■ ^ ■■ •:: fit i -I- :-K ' 9M£*&^$&mpl*& ■ t.: - n :.x • -b^ 
Deficiency $£&ejgq)5i3g ynrcac|^^I,-K^^^r^; ; ^ 

with Solvent of Higher Boiling Temperature 

U ' S a^4^W5V'^8%W2* e §9iy5l? s i% rnethpd fori removing unreacted 
monomeric diisocyanate by co-distilling the prepolymer reaction product with a 
compound having a highe^^injg j^t.th.aa,that of the diisocyanate. This technique, 
however,. cannot mty-fomMfa^hzto^ ■-■ . : :* .! -;,v ; :<::z 

Vibirathane® B. 6^5,^tajr^g 3 ab^l^% free MDI monomer was blended 
wi^ dipctyl adipate ^f^^DO^^s^c Inc.) in $5/15 wj/wtiratip to form a 
.. soJutioa,containin&abo^ bpilipg points at 10 torr 

it of MDI andrPOA ai% ^.^^y^V^^C^^M, Tim, the DQA -has . a slightly 
; ,. higher boiling, point ^ wiped film-. 

syA^mtx-as^a^^^jfi^ temperature was ,1 60°iQ,rflieLeondenser: temperature 
was 40°C, (this low temperature was possible because me DP A presented- *he, MDI 
..frpm freezing), and the vacuum was 0.003 torr: ; Thus, all process-conditions favored 
thorough removal of MDI and DOA frpmrtheprepolymer. Under these, conditions. 
, ; free MDI in the prepolymer was reducedUp, 0,04% by weight in one pass. However, 
■■■ DQA level was reduced only from 15%.tp7;6 0 /o in one pass. Thus, While relatively 
. low .boiling diisocyanate monomers such as TDI (bp 120°C) or PPDI (bp 1 1 0°C) may 
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1 /-benefit from. inclusion of;a:higher^boili^'sd]*^t ? '6ueh aS'DMP (bp 147°C). this 
technique is much less beneficial for a'higher-boilihg difeocyanate monomer, such as 
MDI (bp 215°C). A solvent with ai higher 'boiling temperature than MD1 (such as 
DOA, bp 224°C) is apt to be difficult to remove at temperatures low enough to 
5 prevent thermal degradation of thecprepolymer. 

v j, t Comparative Examp]es:A;thraugh C indicate that the'prior aft has deficiencies 
x ( in remo^ of MDI at 

.-; the moderate temperatures (<160°G)th^^ degradation 
of the prepolymeFi, In:shaipia6nti^t>±^^ a 
10 : . solvent of slightly lo wcn.boiling pcdht tcmpfemw^-than r that of MDI :: was employed . 

— >; u:-. ; - : . . ? : \ V. .--Exsi^pte 13^ -- r - : ' ^ : <" ' ■'' • 
: Remo val; of Unre^ct^d; MDI Monamer^^iid'S^lvent of Lower Boiling- Point 
; , • .,-r-y - A prepqlyirier havimg-a highS^el df mb&<£&&&<^MDI^a's prepared- By 
15 . reaching PTMEG 1 0QO (4^I^uiM,,/:t:wei^ with^MDI;&i a- fi 1 O^mblarratib at 70°" 
v,;.-C for.jS hours. T^e reactipn;mixture..w^ phthalate (bp 

l^^Cat ip torr);-- The amount of PMP: was.aboat the ^same as the initial MDI weight. 
The mixture (prepolymer,- MIpI, arid;DMB) wa$>ti^.^^sed through the wi£>ed film 
evaporator used in Comparative Example B. The jacket temperature was 1 60°C, the 
20 internal condenser temperature; was J and the vacuum ranged from 0.02 to 0.03 

torr. Under the$e conditions, gfter3wo*pa&e^ffi&^ less than 

: 04 % monomelic MDI, 0.02% BMPi an^had^^M€©:^iffent of 5.25% (93% of the 
theoretical value of 5*63% for pure MDI^biyd^MDI r addlrct). ■ • 

25 .. . - - ,1 ^aExampfcrl^.O '' T 

Removal of Large Excess ofUite^ 
; • :• . - - 0 and Solvent of -fepwer.B^ilmgEoiirt v .-'"- vs - ; - : - 
A large amount of volatile material can bje iOTiovediefficiently from ' 
prepolymer by distillation if a solvent of lower boiling point temperature is used. 
30 Vibrathane® 8585 (an^MDI prepolymer, ynirdyal'Ghemical' Co.) Was blended with an 
MDI/DMP.(50/50) solution to fonn admixture; containing" about 10% weight of 
Vibrathane 8585. The starting Vibr^than$.8585 .contained about 10% m^noineric 
MDI. The mixture thus contained about 46% MDI, 45% DMP, and 9% nonvolatile 
polymer. The mixture was then passed- dilce thorough the wiped film evaporator at a 
35 jacket temperature of 1 60°C and a vacuuxn of 0.04 torr. The residue thus obtained 
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was about 10% by weight.pfthe ^^goriixtuieandtherdistinate^asabout 90% by 
weight of the. starting mixture, -Thu^ bae.pass successfully removed abouF99% 
(90/91=98,9%) of thsvolatHes iritlie^t^ingmixtTare. . J . V- . y' .G .' 
i. . ' •• '" .i. •; -.•ofr:-*;-- r.:,z.'^-,c- n .• t .■.•.',<"-'*. Oka 

.•: .:' ; yExaniplelS u ':. • '. . :. .. ' ;r. ; y .>i 

• Removal of ynreactej .MDI.ManomfcMuid DMP at Moderate Temperature 
'v-A- WPPPJm&W&mate by rea^ing.P£AG-2500<-with MDfeat aii-NCOs OH ratio 
,f .9 J 6.0. .^^^t^^i^ssolMftctari; DM^a-formi* 50/50 (Wwt)' §5hflion. The 
; ; reactior* ^m^9^m^m,M:(,h6mslnlht reaction mixture was then passed 
.. y .though a glass wir^d fi^ ev^Qraiwrat ajaekettdmperature of 1 40>*C, and ti vacuum of 
0.4 torr for the first pass; 140°C, 0.1 torr for the second pass; and 140°C, 0:04 torr for the 
third pass. An almost constat* feeumgaate of about 550 mL/hour was used for all three 
mP&se?<LThz internal cond^ejrttempcraM-^ WaskepPat 35?G during ttie process. The 
prepolymers contained »M&tfk3m?snd ,0.05% unreacted MDI affer the first, second, 
- . : and third passes, jesj>;ectiyejy^ 1 % by v^ight^eF the First pass^ 

y andcoujdnotl^ 

y r third passes. iTheNCOce^enfcdf the p(&pf^^-i^^mrdp6^^Mm, and was - 
- about. 86.%^^ 3iij . . »■ -. -if 2 

..; : ?.;vv 3v.:j-n~ :i -'-osj ariT .-xslqaisv;! 3Y'J£.- .. b:;2i: -c. \ .- . . 

yl. 1 . ' >v . .<■:.- r-.m.oev sri; Inc Example 16 . .n \: i r.~ • .n: 

.; Rernoval; of UnreaptediMDfeMopomer and DBP at Moderate Temperature 

; >• The reaGti.o^-,rnixm^(rfeE3a^le J'ftwaVpassed througWe evaporator three 

times. The jackettem P eiS^^ai(±40^,:and'^ internal cohdehsef was kept at 

30°C for all three passes. A feeding rate of 550 mL/hour was used for each of the 

passes. The vacuum was 0.4 Wfothelfirst pass, 0. 1 torr for the second pass, and 

0.04 torr : for the thMpass/ ;Roth the- residue arid^distillate were found to be 

substantially colorless! and ibtehi. Theprepolymer NCO content dropped to 5.07%, 

2.62% and^23%.iafterihe t fiis<,,second,--and tJ&d'pas*s6s, respectively. The 

.prepolymer achieved an NCOcontent of 82% 6f theoreficalfof an'ABA structure after 

; . the third pass.- MohomeriaMDI level was reduced to T2%,'0.9%, and 0.09% after the 

first, second, and third passes, respectively.; The DBP content was reduced to 3.6%, 

. i0--l% and 0.04% after the first, secondyahdthifd passes; respectively. * '•' 

■ ' ~ ■'• Preparation af Poh/urethane Elastomers 

Comparative.Examples D through H show deficiencies of prior art 



1 WO 01/40340 



PCT7^00/3<fo62 



-i,::- -19- 

prepolymers of TDI arid MDIV^-All are ^ksed^n the common polyol PEAG 2000 for 
^comparison. '£\ * :::*?*>■*■.. M '. ' • •; - ' • : '' 

/' / "/ '.-v.- r Coiiip^rative Example D ; J 

5 - Unsuccessful Cast Mo tdin g of Conventional MPT Prepolyfn ex witti ^ibrani ib>ig)_ A-LS7: 

• t . . . , A quantity. :of 25QiO_ grams ! (>fiViBratharie. 8585 (PEACrbasfcd ME>I : prepolymer 
containing ca. iG%:monomericMDi/ ~NG©:6.63"%fwas addSdlno'a'dryt clean pint 
, metal can-and preheated to:.90° C (viscosity ^a/10 

mixed with 58.8 grams of V-ibra6Ur6 : A1 5 ? pid4Mt£d T M'l%5°C:- The ihkerial gelled 
10 outin the metal can in:3G seconds, 
t ; />* n.ee;ded; for typical casting bperatKoiik?--'- ,; ^ ; ■ '^ ro " 

DifFicultCastMold^ 

1 5 .-. . j , - , , ; z «A 234^0 grani sample ol/VIbratliine^O^ (PEAG* 2000 : based TDFprejbolymer 
contamkxg^a^significarit amount of mDnorfie*ic TM^NC© ; ^91%r) 5 £feheatedto 85°C 
(viscosity 19 poise), and 32.5 grams of Vibracure A157, pre-melted at 145°C 5 were 
reacted according to the geiaeralifechHSi^'dsaSibed above. The material exhibited 
: u .ca; 2 minutes pour lif^sufficierit^ readily 
20 - demoldable without distortion; Howevif^Mfi^ emitted 
- . strong TDI vapor, which. is hazardous to~ healt^^S ^ 92 Shiore A 

r hardiie^ and33%Bashorerebouii^^ 7 - {r ' J ■ v ^ - 

25 .Deficiencies.^ 

_ y : • - diVibracure® A157^-' ' T — ; : -" r - 

. A 233.0 gram sample of AdipreneLF r800^Cs"uBstantially^PEAG 2000 based 
TDI prepolymer containing less than 0.1% toohtirrierifc TDIi'NCD 3.20%) and a 26.5 
gramsample of Vibracure A157 were reacted using the technique described above. 

30 Samples were cured at 1 00°C for 24 hours and cbfiditioried for testing. Demold time 
was very, long (>3 hours). The material was cured'soft (ca. 67 Shore A) and had low 
resilience (Bashore Rebound 10%): - Thus; although the issue of TDI viapor was 
eliminated by use of a prepolymer of low monomeric TDI content, the elastomer 
required a long time before demolding^afid had very poor properties. ra 
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)• , rr CJopiparative Example G 

Deficiencies of Prepolymer of Low Monomeric TDI Content Cured by MBCA 
A 234.5 gram sample of Adiprene LF 1 800A (PEAG 2000 based TDI 
prepolymer containing less : ^a^O r l% ; .i^no«aeric TDI. NCO:3.20%) and a 22.7 gram 
5 •; . ■- sample of MBCA were reaqted usirig.the technique described above,. The Samples • 

• c-^^J^^MK 1 ^ 0 ^ 01 9^ho\^m^A(^m^f^ii^ag:y$ii contrast with 

.-. Comparative Exan^ strength' tinder one 

.-, • .^v^d^ The low monomeric 

TDI content -prepelymer^GA^ysft the 
10 .casting elastomer irida^teda^ ( ^ey^ 

monomeric TDI content sharply reduces theassueiof TDI exposure,"the use-" of MBCA 
diamine curative (a suspect carcinogen) requires careful attention to industrial hygiene 
during casting and elin^nafgs^liQati©^©! 4he elastomer in areas such as the dry 
■ : : I f< F d ^*™8# du ^-;; <F^^mi»to.corx^e*to PEAG 2000- based low free 
1 5. , MT^prepoJymercured b^.^ftf a^e^A^f7^Example i 7)vthe TDi/MBCA material * 
is^much softer; and has^enej^Hy.Mfrnorr properties, as shown in Table 2. T - 

• • . ■> ' S^. I A ^ur..'.r'.'':'/ V. 'si-. : ~i ■ . .. ''. * rL..^; .'-; 
' ■■., ,<■' ->-'f; t^;G?.ropai^;tiv;e Example H =• y-. : - .: 

Di @S u ,lt Cast Molding of Cj^^tio^ with HQEE Diol Curative 

20 . id A . 235 -° J^;P^feM¥jbrathane 8585:.(NCO 6.63%) preheated to 1 00° C 
ic^ d ; 3 5 *° HftEi^as^aflfSodak Company) preheated W 1 30°G were mixed, 
degassed and poured into clean, sili cone-greased molds. preheated'to 100°C. The 
molds, together with the contents, were then moved to a 1 00°C oven and kept in the 
oven for 24 hours. The; sar^|es3wJiert.a?em;£wed ! from the molds, appeared cheesy 
25 wjthjmall cracks ( l 's^ at least 120°G or -higher are 

generally required for mimnM^ 
.. costs and me risk^f thermal^ . 
: ; , , ' Comparative Examples,. D through H indicate that prepolymers known in the 
art, such as conventional Mpi prepolymers, TDI prepolymers, and even TDI 
30 7 ; ■ * . ; prepolymers containing a few monomeric TDI content exhibit difficulties in either 
.,, , processing, ; .industrial hygiene, or significant deficiencies in properties. Conventional 
MDI prepolymers even exhibited difficulties when cured by HQEE. In sharp contrast 
tq .theknown prepolymers, the MDI prepolymers of the present invention, containing 
low monomeric MDI content^.demonstrate unique properties when cured by Vibracure 
35 Al 57, HQEE, or other existing chain extenders, as shown in the following examples. 
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-Lo^ Monbmeric MBI : Content Prepolymer 

. rr ' ^ 

: ' A sample of -230. 7 gr^s df^e product of Example 4 in a dry pint metal can 
5 " [ was heated to 85° C (viscosity 15 poise) iand L degas sed . then; a 1*6. 6 ! grain sample of 
. Vibracure A157, pre-meited i 4S 9 G- wis added4o tire prepdlymer at atm6spheric 
pressure. The material was mixed, degassed, and then poured intd "'c^air.'Siii cone- 
greased molds preheated to 100°C. Under these conditions, the pour life of the system 
was ca. 5 minutes. The molds afitfitMr contents were then placed in a 1 00°C oven. 
10 „ The'elastomers reached "dem'oldmg c streri§th : *rf The test samples 

■were removed froiri the oveh after ^emg^o^-chfSd- M 24 hours and placed in an open 
Jar. No starring was observed. Aftef aging it f 6otn temperattire fof about 4 weeks, 
^samples were submitted for ASTM tests. 1 ? i ra! ' '* JC - " — 1 
. ^uo>i ULv:X "°0CI :.e - r \ . ' ^ : > 

15 Comparative Example I 1 

Unsuccessful Casting of Conventional Ester-MDI Prepolymer with Vibracure® A 157 

:• > A ;2238:gram •'s^pl^fef PEi^S-.M^ i w^e^ted-\vith* 5 53 grams of MDI at 
8S° ; C for 4.5 hours to make a prepolymer c^tf^ as 
20 Example 4 .that was used in Example' J P? J Tli& re^oir product appeared' transparent 
and was very viscous at 85 °Gv m^ri^(Jegassiii| Vety difficult. The iinal product had 
an NCO content of 3.22% and viscosity of 32 poise at 85 °C. 

A 1 07 gram sample of the-Teafetion product preheated to 85 ° C and a 1 2.2 
gram sample of Al 57 preheated to - WS^C w^M^ed: ^The iriixttlre solidified in 
25 about 55 seconds with numerous v bubbles T trapped fiiS'iHe:** Thus, thdUgK pour life could 

be extended to about one minute by using low femprature (85 °C); 'casting was very 
„ difficult because of the high" Viscosity. - '-^ 

To lower the viscosity to- 1 5- poise, the prepolymerhad t& be'lieated tti 1 1 5 °C. 
. .• A: 1.09 gram: sample of the reaction product preheated tB : l 15 ° C and a j 2.6 gram 
30 sample of A 157 preheated to 1 45 °C were mixed. -The mixture' was solidified in about 
35 seconds after mixing. Casting ^as : impossible because of thfe short pour life. 

Example 18 

Low Monomerie Content MDI Polyester Prepolymer Cured with HQEE Dioi 
35 A 16.0 gram sample of HQEE melted at 130°C and 223.5 grams of the product 
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of Example 4 at 1 00°C were reaqtf d,usirig the general techniques described in 
Comparative Example H. The.moidsand tl}& contents, were then moved to a 70°C 
oven and cured.fpr-24 hqurs. Samples ; were; then amoved from the molds and aged 
. for t ? stin § as, described above. •Despjje.thev}oWiC^rjng temperature (70°C), elastomers 
were found to have, no starring, in L s^arp comrast to the behavior of conventional MDI 
, ^.^repoj^mers, wfych. generally , exhibit . starrmgwhen cured by HQEE at low 
.temperatures... fc _. ....... n A1 fcv . , ; - . : . j-. . 

p. S.'.-.qnv: -tsv/ ^rjwP^PteiJSLi.'-.r t« r . .. .... , 

■ ; ; Low Monomeric j^DI £p$ajging .Pollster P*ep#y mer Cured .with' MBCA. Diamine 
.„ v - .i? ~-..A 22,1 gran? sarople^QfJMJBQf^ 

.c m- RP^typt Example .4 at ^O^^e^r^te^j^qeiing $o techniques described; above. 
Pour life was about 6 minutes. Samples w^re Remolded after being. cured- at 1 00° C 
for 45 minutes, post-cured at 1 00°C for 24 hours, and conditioned for testing as 
described above. ^ a& ,2 ^s,,,^ 

- -.s ■., '...?r"i' rnH 'G.i/i-ts.tc.'J ^a;-i-::-:v l ' <>.. ^ : 

Example 20 

^Pijpi^eri^ MDLC^t^|^g^^}y^er Prepp-lymer Cured;with 1 ,4-Butanediol 
7,9 g^5,Qf.^. 1,4-1?^q^w^ rcacte^^iJBg.tectoiiques described above. 

V 1 Vd saroq £\ io Y/i2o; v :;. r o-*' r l' ." •:. ":r. : Jf . ' . 

.:: L .?^ : MpnojBeiia^I Cjjr^a^g^Pqiyf^PrepolymerCured with Vibracure Al 57 
,, :■■ ■ o- A - 2 .2. 5 ' 5 g™ 11 sam ; P% Qfthe pipduet-qf Example: 1 was added to. a pint metal 
can, preheated to $5 o q,(yisc£sity , 10 pqj:se), v and degassed, Often, 42.0 grams of 
Vibracure A157 melted at 145°C was added.to the prepolymer.. The material was then 
mixed, degassed, and ppuredintp molds preheated lo 100° Ci: The-moTds and their 
contents were, then heated to 1 00° C. Pour life, ,was,about 2 to~3 minutes under these 
..... cpI * di f! ons and the materia^eouldbe demolded in 45 minutesv; Testing sampies were 
removed from the oven, after : being post-cured for 24 hours;. After aging fean open jar 
at room temperature for about 4 weeks, samples were submitted for tests. 
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r ) .. ^ , • Eiamp!e 22 ■ 

Low Monoiperic MDI Containing Polyfcther Prepolymer Cured with 1,4-Butanediol 
12.9-grsum sample of dry JyMmtanetliol was : added ffdm a syringe to a 235.0 
grsjp sample of the -product ofiExample:*!; -preheated to 70°C. The material Was , 
poured into molds preheated to 1 00°C after being mixed and degassed. The molds 
and the contents were then heated to 1 00°C and held there for 24 hours. Samples 
were then aged at room temperatoe fonabout 4 weeks before testing. 

; M ' lOom^at^fh'e Example J 
.Deficienay[-in Gasting.ofConvetiM 1,4-Butanediol at ; 

■; . ; , •• c si?; ; :RoT>m:TeftipSrature*- r '- ' ■ - l 

"A 229,0 ; gram .sample>.qf Vihrafe^B^S ^ftd an 1 8.S grain sample -of dry 1 ,4- 
butanediol were mixed ^d.deigassed/at^ minutes:- The 

mixture was then poised mta a: ciedn;^ uretKane moia ;: release 

E236) mold at room temperature kid'kept^tTo^ t'emperature" for •24'hoursr "-'The 
sarnples^^whieh.were:il'' in diameterp]Y2 / !rinAfefefes& buttons arid 7 // x5"xl78" sheets, 
. were&en^ were full of 

-;bybbles. k - . : . ; ni'- .:^-vm:cv. O'l anvil r^J /, l-y*'; --rot • ' : ' 

Example 23 

Room Temperature Sy^terft^rfcowMonomeric MDI-Containing Polyether 
. • :. Prepolymer Curedovd^ 

r ■: A 2223. gram sample, of the product of rE^^rtiple > 1 ,-'4 T2. 1 gram sample of dry 
l 5 4-butanediol s .and a 0.06 gram:sampie b$lM>&mn {&m Tosoh'USA,TN'C.) were 
mixed and degassed at ..room temperature^ ^ then -poured into the same 

clean, silicone^greased molds .asvused in Exaiftple-i22^at rooiri temperature and 'kept at 
room temperature for 24"hours. The'sarftples w^#e-tteif r*nbved from the molds and 
conditioned as described above before testing. .:U*jfdet j the "ab&ve"fcastihg conditions, 
the samples were bubble-free. 

Comparative Example K 

Unsuccessful Casting of Conventional Ether-MDI Prepolymer 
withEthacure™100LC 
A 500 gram sample of Acclaim™ 3201 (PPG-EO 3000) was reacted with 82.8 
grams of MDI at 90°C for 3.5 hours. The reaction product had an NCO content of 
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2.39%, and appeared transparent,- *Ael:73 gram sample of the reaction product and an 
rK 8.3 gram sample of Ethacure Th ? m.LC Vvere.imxed.at room temperature. The mixture 
. solidified in about S^seconds mthe;metal can:; Casting: was impossible because of 
the short pour life; The sQ}id ; ela^tomef in^^ of trapped 

: ; air bubbles. ■. : : r : ]l :j] I u ,.-.[.-..•; 

■::■> .'" ' ■ ^Example 24 :. u ' . ' v 

Low Monomeric MDI-Containing Polyether Prepolymer 
I >;qv^ut^with.Bthaaure™100LC 
■ \ s - A 3,79 gram sappl^EtbftcSite^iee-.LG (ftom Albemarle Corporation) was 
added via a syringe to an^b^gram sampl&of the product of Example 7 and mixed at 
V ^rn jtemperature. The y^0^Jy:<rfrtl&^repolymeTcwas'84 poise at 25° C, which is 

; i mugh : lo.wer ,than that ^b^med'jbfimipai^ve/Example K. Trie material 5 was 
;j f ■ d?g^ssed.andTpoured int^rocl^sspjdieated^tosl.OO? O The Contents arid Arnolds 
were then .moved to a (; l Q^Qrm&mmi chined afctha^mpef atu#e"for-24 hours? 
Samples.; were ;ften c^nditi«ft^,9s : described above for testing.-.UrideAhe''above 
;1 .. casting conditions, ^ie:P9xtfriiife W^:Sligto%:bver :l!rmnute and thetetas^mef'was 
ready to be demolded in less than 1 0 minutes. The sample was clear and ldw'in color 
and had excellent resilience. 

r.l c :;.| iri:-.. , :3 

. V :u ".* .0- ■ ? he r.r^:no.(v : Example 25 - '■' 'r 

Low Monome;rictMBIrS^l[araingi3>olyether Prepolymer Blend Cured with MBCA 
/ ':■ A ?-|.0 gram.sartpteftfitbepr^ctjoPExaiiiple 9'and,a -75,0'gram sample of 

the produe^E*am$e &«eiS3#Xed efcdtdegassed." The material- was reacted with a 
/ 14.9 gram sample crfMBGAus^ described in Example 22: Samples 

; •:: were cured.at l.QQ&foiMfe)ma& conditioned for testing a£ described above. The 
pour life was 5 minutes, .Testr,jesults;for,:ExampJes;17 thro^ign-25 and Comparative 
Examples F and G are sumrnarized imTables 2 and 3. . : r 
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\ Polyurethan 


b. Elastomer: 


' Table 2 
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. ! F 


G 
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"BDO 
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• ' Hardness 
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<?, 'i ; Table 3 








Polyurethane .Elasfomers from i?olyether Based Prepolymer 
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Z From Tables 2 and 3 , it is evident that by si mply changing.chain exfefljiers. 
prepolymers containing low nji onom eriq corttent^ such as the PE^d 2000. based 
• prepolymer (Exampl e 4) exhibit sound prox ies in A^M? hardness. range r _ .Among 

I * e _^E e>c !!. r,d . e 3'. amine cu r at ' v es» especially : the Vibracure Ai 57. give higher 
hardness, modulus,, and tear st rengt h. J [ ; _ 

The outstanding. performance of the low monomeric MDI-containing 
prepolymer cured by Vibracure® A157 is in sharp contrast to that of the low 
monomeric TDI containing prepolymers cured by A157 or MBCA. as illustrated by 
Example 1 7, F, and G in Table 2. It exhibits generally better properties in hardness, 
resilience, tear strength, and dynamics. Al 57 (trimethylene glycol di-p- 
aminobenzoate) has been approved by the FDA for use in polyurethanes contacting 
dry food. Low monomeric MDI-containing prepolymer and A157 thus provide one of 
the safest cast urethane systems. Further, the system improves the properties of 
urethane elastomers, as opposed to the prepolymers containing low monomeric TDI 
content cured with A 157. 

It is remarkable that the PTMEG 1000 based prepolymer can be cured at room 
temperature by 1,4-butanediol without bubbles and without sacrificing properties. 
Except for a slightly lower hardness, modulus, and tensile strength, the product of 
Example 23 exhibits better tear strength and resilience as compared to the product of 
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Example 22. Even with low cost polyols, such as PPG, low monomelic content 
prepolymers can give excellent properties; ^Example 24 indicates that when a PPG/EO 
3000 based MDI prepolymer was cured by Ethacure™ 1 00, the material gave a vep>; : * 
high Bashore rebound of 72%. The elastomer was highly transparent and low in 
5 color. /This kind of material, is well sijiteid-<|p^ 1 applipatio^i& where high-resilience and 
transparency may be required, such as ; je^ and golf ball -covers. 

As demonstrated by Exampl e .25rjhe ^ prepolymer - can . be adjusted by acjding • . 
short MDI-glycol-adducts (or.short ; M^ , ^ :; - t r ;: - r > . 

In view^otthe many changes and.mo^ic^ can be made.without 

1 0 departing -from principles, underlying .t}ie r my en tipn-, Reference : should be >made to the 
appended claims for an understand be afforded; ; . - 

the : invention. f .,. ( ; -- . --V- i*t?b-/ r c ->'rV* ;i/<vV' : v/ : a-.-. 
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7 €kAlM§^' 



What is claimed is: 



1. : A 1 process for-rediidnglhe^ 
5 monomer 5 in Ypolyu&te 

product in the pfesehee of at least one inert isofvent Mving a boiling point abbut 1°C 
to about 1 00 °C below the boiling" poihf-df the HiisocVanate monbrnSr &t a pressure of 
10 torr, wher&in thelr^atiS^ above about 

2QWC at 1 0 ! t6rr, the r weigM fftro 6f tKS^ert-sbl^gnt; tathe residual aromatic 
10 diisocyanate mdnomer¥a¥ges :: fr6m :'it^ut%:1tffo : aboikt 10:^knd ttfe inert solvent 
comprises about 5% to about 85% by weight of the total weight of the combination^ 
the prepolymer reaction product mixture plus solvents. 

2. The process of claim 1 wherein the monomelic diisocyanate comprises 
1 5 at least one isomer of diphenylm ethane diisocyanate. % - 

3. The process of claim, 2 wherein the inert solvent is selected from the 
group consisting of organic aromatic esters, aliphatic esters, and mixtures thereof, 
having boiling points in the range of from about 1 1 5°C to about 214°C at 1 0 torr. 

20 

4. The process of claim 2 wherein the distillation step comprises at least 
three agitated film vacuum distillation stages in series, each at an evaporative 
temperature of up to about 150°C. 

25 5 . A polyurethane prepolymer comprising the reaction product of a polyol 

and a stoichiometric excess of diphenylmethane diisocyanate monomer at an 
NCO:OH ratio in the range of from about 2: 1 to about 20: 1 , wherein the unreacted 
diisocyanate monomer is removed by a process comprising distilling the reaction 
product in the presence of at least one inert solvent having a boiling point about 1 °C 

30 to about 1 00°C below the boiling point of the diphenylmethane diisocyanate monomer 

at a pressure of 1 0 torr, wherein the weight ratio of the inert solvent to the residual 
diphenylmethane diisocyanate monomer ranges from about 90: 10 to about 1 0:90 ? and 
the inert solvent comprises about 5% to about 85% by weight of the total weight of 
the combination of the prepolymer reaction product mixture plus solvents. 
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6. The ; prepolyrneDQf ;c]airri' Sxdntaining less than 03% by weight of 
unreached diphenylmethane ■diis6cyjariate : m6itom6r. ■ " ,rv 

- v • ; - : *'% . . ; ;The prepolymer^f claim^; containing less than 0. 1 % By weight of 
5 - :V unreacted ; diphenylrne^ane# % ' 

ii ■ ' ' t -' . '.L^r-;:-?^::: i ; : " - . ''• ■ :v:':"v •;;<:; 

•8. \ r The prepdlynjerof claim 6xontaMn^ 
theoretical NQ9 content far a pure ABA structure::.' ' : - ; • \ J - I' r 

. r M\,v.> : j 5-::i:-.< l-y.:^r.:-'^ ■ ■ *s> ■ . 

10 ; 9. .■ - : oTh.e prepplym^ 0 

group consisting of a polyester of adipic acid; a polyether of ethylene-oxide, : 
, : propylene oxide, or tetrahytfrafura^^^ a ; 

hydrocarbon polyol: and mixtures thereof; said polybl having a molecular height in 
the range of from about 400 to about 5000. 
15 : : T: . ^ <; { ; ■■: jk.v^.W /^Iclo , < < 

. ■ , ; >1Q. ; .The prepolymer ^claim^ wheremtherpolyol comprises at least one 
: - component haying.ajow mole^ of from about 62 tb about 400, 

and selected from.&e : grc>up.consisting v bf :etfeLylerieTglycol 5 isomer^of propylene 
glycol, isomers of butane diol, hexanediol, trimethylolpropane, pentaerythritql, 
20. : poly(tetraroe%lene : et]ier) glycol-d glycol, dipropylene 

glycol, tripropylene glycol, and mixtures thereof. ., ,i /: • : • • 



11 . :; The prepolymer jjf clamriQIfii^^xDi^ri^ng at le£st one polyol 
having a high molecular weight in the range of frriteJabBM 400 to^aboiit 'SOOO: 

; 12. ; r; . The prepojymer of clairn d 1 wherein the molar ratio of the low 
molecular weight polyol to the high molecular polyol is in the; rafige of from^bout 
0.25 to about 2.5:1. 



30 13. A polyurethane prepolymer tenninated :With diphenylmethane 

diisocyanate, said prepolymer comprising no more than about 0.3% free - 
diphenylmethane diisocyanate and having at least about 80% of the theoretical NCO 
content for pure ABA structure. - u - - ; : : ' ~* 
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1 4. A polyurethane elastomer comprising the reaction product of i) a 
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prepolymer terminated with dipheriylrriethane diisocyanale. said prepolymer 
comprising no more than aboufrX).3'% free diphenylmethane diisbcyatiate and having at 
least about 80% of theoretical NCO content for pure ABA structure with ii) a chain 
extender selected.ifrom the ig ro.up consisting of :li4 r butanediol; 1,3-propanediol; 
ethylene glycol; l,6-hexanedjQl;:hydroquir^e^i^h5fdroxyethyl etfier;-reSc»cinol 
di(beta-hydroxyethyl) ether; resorcinol di(beta-hydroxypropyl) ether; 1,4-cyclohexane 
dimetl^ol;.^aB0^.^rieiti an.aliphatib.'toU^;•4^Jtfelbylene-bis(2<h]o^oaniline); 
4,4'-methylene-bis(3-chloro-2?Mie1faylaniline);d)ethy^to diamine;- t-butyl 
toluene diamine; dimethylthio-toluene diamine; trimethylene glycol di-p-amino- 
ben^oate; memylenediaafclke^srfeth^^ complex; and 

mixtures thereof; , .•■yfaq s :bicn ijq»is> w*v .'ior *. "viv' ,y .*..■.■: 
herein the ea^ivalent rstiQlof^HBpotymer^t© chain extender as 'in the-range 'of from 
-.-^abput 0.7:1 to about 1.2:1. ; oq :i t £. ^o^a; : . ■ r . ! .r.-< :;;o' o ;; ; 

.000c toon/:- .:'.-t . .:• o'>. r -> - ; 

15. The elastomer of claim 14 wherein at least one chain extender is 
7. selected frpm the-gro^^nsisliiig fflffitrim&hykmei'glySol di-p-amirio-benzoate; 4,4'- 
■ y methy.kne-bis(2-ehloroaniHi5eP!; i«,4Hrh«thyfene-bi$(3-chloro-2,-6idiethyranfline); 
V: diethyl toluene diamine,; '^r^di^tEyltbio-tolu^ne; diamine". - i '"--> 

. . ... nv-'. '-[;-; iv^errti'; ,'.oltt'.j\::'i''i . .•; : . •• ■" r.'n ' - ■ no' \. rvb 

• :r- 16 f ; . ^IJje.fjtestQ^ig' datel* Lwhsreia the chajfi-feXteaafer-is-triniethylene' ' ' : 
'glycol <U-p-amino-ben2oate.lce-rerfr 2^:ri:c: n ', .-. / * 

••- .. .i t?- isIhefelastomeTri^ 

me%lene-bis(2i^rUproariHine)[o s^arr sd. ni : :> v; .. • h ■ , 

. : 1 8. . The elastomeriof claimrl:4!whefeih: the chain extenders diethyl 
toluene diamine. .-. ^ r/- ,i . ; rr ■ ' . . 

1 9. A polyurethane elastomer comprising the reaction product of: 
.. A) ■> a diphenyjjnethane diisoeyanate-terminated prepolymer comprising the 
reaction-product of: . . ; . • .-; 

i) a first polyol comprising at least one component having a low 
molecular weight in the range of from about 62 to about 400, and selected from the 
group consisting of ethylene glycol, isomers of propylene glycol, isomers of butane 
diol, hexanediol, trimethylolpropane,-pentaerythritol, poly(tetramethylene ether) 
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glycol, dietkylene^glycol, triethylene' glycol, dipropylene glycol, tripropylene glycol, 
and mixtures therepf;, .: ,;. .V;. *> , ~- 

ii) ^ ' ^a ; Second polyol having a high molecular weight in the range of 
frpm.abQijt^ - ^ " 

=: : ; --a 1 stoichiometric excess of diphenylmeth^e.diisocyanate . . 

monomer at an NGO:OH ratio in the.range of from about;2: 1 to about 20: 1 ; 
wherein unreacted diphenylmethane diisocyanate monomer is removed from said . .... 
reaction product by a process comprising distilling the reaction product in the 
presence of at least one inert solvent having a boiling point about ! °C to dboiit TOO^C 
below the boiling point of thte diphenylmethane diisocyanate monomer at a pressure- of 
1 0 torr, wherein the weight ratio of tiki inert solvent to the residual diphenyiftie&ane 
' diisocyanate mart© to^r 'raii^^ from a^out 9p.:l Q.to aboyt lp:90 5 and the inert solvent 
comprises about 5% to . about 85% by weight bf the' total weight of the Combination of 
the prepolymer reaction prbdiict tnixtuj-e t plus, solypts; \yith . f . ,., 0 : * s I 

vv . ... , 1 B*)<v.v a. chain .extender , selected froxft thef f group consisting 'of 1 ,4-butanediol; ; f 
l s 3-propanediol; ethylene glycol; 1,6-hexanediol; hydroquinone-bis-hydroxyethyl 
ether; resorcinol di(beta-hydroxyethyl) ether; resorcinol di(beta-hydroxypropyl) ether;- 
1,4-cyclohexane dimethanpl; aliphatic triols; aliphatic tetrols; 4,4'-rnethylene-bis(2- 
chloroaniline); 4 5 4'-methylene-bis(3-chloro-2,6-diethylaniline); diethyl toluene " 
diamine; t-butyl toluene diamine; dimethylthio-toluene diamine; trimethylene glycol : 
di-p-amino-benzoate; methylenedianiline; methylenedianiline-sodium chloride 
complex; and mixtures thereof; 

wherein the equivalent ratio of chain extender to prepolymer is in the range of from ; 
about 0.7:1 to about 1.2:1. 
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